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(54) Ophtalmic apparatus

(57) An ophthalmic apparatus individually capable
of obtaining various kinds of ocular information. The
ophthalmic apparatus for obtaining ocular information
on an examinee's eye (E) has a first projection optical
system (100) which projects first light with short coher-
ence length onto a fundus (Ef) of the examinee's eye, a
second projection optical system (300) which projects
second light with short coherence length onto an ante-
rior segment of the examinee's eye, an interference/

photo-receiving optical system (400) which synthesizes
the first light reflected from the fundus and the second
light reflected from the anterior segment into interfer-
ence light, disperses the interference light into frequen-
cy components, and photo-receives the dispersed inter-
ference light with a first photodetector (33), and a cal-
culation means (52) for obtaining depth dimensions of
the examinee's eye as the ocular information based on
an output signal from the first photodetector.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an ophthalmic
apparatus for obtaining ocular information.

2. Description of Related Art

[0002] Conventionally, on the basis of ocular informa-
tion, various ophthalmological instruments such as an
intraocular lens are designed and other various ophthal-
mological medical researches are carried out. As an ex-
ample of an apparatus for obtaining the ocular informa-
tion, there is an apparatus which performs noncontact
measurement of eye refractive power and an axial
length (see Japanese Patent Application Unexamined
Publication No. Hei7-255674). However, since the ocu-
lar information includes thickness of a cornea, thickness
of a crystalline lens, depth of an anterior chamber, and
the like in addition to the eye refractive power and the
axial length, an apparatus capable of obtaining also
these kinds of ocular information is desired.

SUMMARY OF THE INVENTION

[0003] An object of the invention is to overcome the
problems described above and to provide an ophthalmic
apparatus individually capable of obtaining various
kinds of ocular information.
[0004] To achieve the objects and in accordance with
the purpose of the present invention, an ophthalmic ap-
paratus has a first projection optical system which
projects first light with short coherence length onto a fun-
dus of the examinee's eye, a second projection optical
system which projects second light with short coherence
length onto an anterior segment of the examinee's eye,
an interference/photo-receiving optical system which
synthesizes the first light reflected from the fundus and
the second light reflected from the anterior segment into
interference light, disperses the interference light into
frequency components, and photo-receives the dis-
persed interference light with a first photodetector, and
a calculation device for obtaining depth dimensions of
the examinee's eye as the ocular information based on
an output signal from the first photodetector.
[0005] Additional objects and advantages of the in-
vention are set forth in the description which follows, are
obvious from the description, or may be learned by prac-
ticing the invention. The objects and advantages of the
invention may be realized and attained by the ophthal-
mic apparatus in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The accompanying drawings, which are incor-

porated in and constitute a part of this specification, il-
lustrate embodiments of the present invention and, to-
gether with the description, serve to explain the objects,
advantages and principles of the invention. In the draw-
ings,

Fig. 1 is a view showing a schematic configuration
of an optical system of an ophthalmic apparatus
consistent with the preferred embodiment of the
present invention;
Fig. 2 is a schematic block diagram of a control sys-
tem of the present apparatus;
Figs. 3A to 3C are views showing a convergence
state of measurement light via a ring lens;
Fig. 4 is a view showing a schematic configuration
of an optical system of an ophthalmic apparatus
consistent with the second preferred embodiment
of the present invention; and
Fig. 5 is a view showing a sectional image of an an-
terior segment of an eye displayed on a monitor.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0007] A detailed description of one preferred embod-
iment of an ophthalmic apparatus embodied by the
present invention is provided below with reference to the
accompanying drawings. Fig. 1 is a view showing a
schematic configuration of an optical system of an oph-
thalmic apparatus consistent with the preferred embod-
iment of the present invention. Fig. 2 is a schematic
block diagram of a control system of the present appa-
ratus. The present apparatus is for obtaining ocular
depth dimensions such as an axial length in addition to
eye refractive power, and an optical system thereof in-
cludes a projection optical system for eye refractive
power measurement and ocular depth dimension meas-
urement, a photo-receiving optical system for eye re-
fractive power measurement, a projection optical sys-
tem for only ocular depth dimension measurement, an
interference/photo-receiving optical system for ocular
depth dimension measurement, and the like. Incidental-
ly, while the present apparatus also has an optical sys-
tem for aligning the apparatus with an examinee's eye
to have a predetermined positional relationship there-
between, an optical system similar to a known optical
system for alignment conventionally used in an objec-
tive eye refractive power measurement apparatus and
the like may be used; therefore, description thereof is
omitted.

<Projection optical system 100 for eye refractive power
measurement and ocular depth dimension
measurement>

[0008] A projection optical system 100 includes a light
source 1, a collimator lens 2, a beam splitter 3, a con-
denser lens 4, a relay lens 5, a diaphragm 6, a hole mir-
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ror 7, a beam splitter 8, an objective lens 9, and a beam
splitter 10.
[0009] The light source 1 such as an infrared SLD (Su-
per Luminescent Diode) emits infrared light with short
coherence length. The light emitted from the light source
1 is made into parallel light by the collimator lens 2, and
a part thereof passes through the beam splitter 3 to con-
verge at a convergent point A on an optical axis L1 by
the condenser lens 4, and passes through the relay lens
5, the diaphragm 6, and a hole (aperture) of the hole
mirror 7 to converge, and passes through the beam split-
ter 8, the objective lens 9, and the beam splitter 10 to
converge at a fundus Ef of an examinee's eye E.

<Photo-receiving optical system 200 for eye refractive
power measurement>

[0010] A photo-receiving optical system 200 includes
the beam splitter 10, the objective lens 9, the beam split-
ter 8, the hole mirror 7 , a relay lens 11, a total reflection
mirror 12, a diaphragm 13, a collimator lens 14, a beam
splitter 15, a ring lens 16, a two-dimensional photode-
tector 17 having sensitivity to an infrared range. Inciden-
tally, the photo-receiving optical system 200 shares the
hole mirror 7 to the beam splitter 10 with the projection
optical system 100.
[0011] Reflection light of the light converged at the
fundus Ef by the projection optical system 100 passes
through the beam splitter 10, the objective lens 9, and
the beam splitter 8, and is reflected by a peripheral plane
of the hole of the hole mirror 7. Incidentally, the hole mir-
ror 7 reflects the reflection light from the fundus Ef and
allows reflection light from a cornea Ec of the eye E to
pass through its hole.
[0012] The fundus reflection light reflected by the hole
mirror 7 passes through the relay lens 11, is reflected
by the mirror 12 to converge at a convergent point B on
the optical axis L1 and on an aperture plane of the dia-
phragm 13, and is made into parallel light by the colli-
mator lens 14, and a part thereof is reflected by the
beam splitter 15, passes through the ring lens 16, and
is photo-received on the photodetector 17.
[0013] Incidentally, the convergent point A by the con-
denser lens 4 and the convergent point B at an anterior
focal point of the collimator lens 14 are conjugate with
the fundus Ef via the objective lens 9 and the relay lens-
es 5 and 11. In addition, the condenser lens 4, the dia-
phragm 13, the collimator lens 14, the beam splitter 15,
the ring lens 16, and the photodetector 17 are arranged
on a stage 18 movable in an optical axis direction (the
arrow A direction in Fig. 1) by movement means 53.
[0014] In addition, the ring lens 16 is arranged at a
posterior focal point of the collimator lens 14 and is con-
jugate with a pupil of the eye E regardless of a travel
position of the stage 18 by the movement means 53.
The photodetector 17 is arranged at a focal point of the
ring lens 16 and is conjugate with the fundus Ef. Inci-
dentally, the ring lens 16 is made of a plate on which a

cylindrical lens is formed in a ring shape, and a light
shielding coating is applied to a part other than the ring-
shaped lens part. When the parallel light enters the ring
lens 16, a ring image of approximately the same size as
the ring lens 16 converges at the focal point (on a photo-
receiving surface of the photodetector 17).

<Projection optical system 300 for only ocular depth
dimension measurement>

[0015] A projection optical system 300 includes the
light source 1, the collimator lens 2, the beam splitter 3,
a total reflection mirror 19, a beam splitter 20, a con-
denser lens 21, a total reflection mirror 22, the beam
splitter 8, the objective lens 9, and the beam splitter 10.
Incidentally, the projection optical system 300 shares
the light source 1 to the beam splitter 3 and the beam
splitter 8 to the beam splitter 10 with the projection op-
tical system 100.
[0016] The light emitted from the light source 1 is
made into parallel light by the collimator lens 2, and a
part thereof is reflected by the beam splitter 3 to head
for the mirror 19 arranged on an optical axis L2. The light
reflected by the mirror 19 passes through the beam split-
ter 20 to converge at a convergent point C on the optical
axis L2 by the condenser lens 21, is reflected by the mir-
ror 22, is reflected by the beam splitter 8 to be coaxial
with the optical axis L1, and passes through the objec-
tive lens 9 and the beam splitter 10 to converge at the
cornea Ec.

<Interference/photo-receiving optical system 400 for
ocular depth dimension measurement>

[0017] An interference/photo-receiving optical sys-
tem 400 is constituted of an optical system which photo-
receives the reflection light from the fundus Ef and an
optical system which photo-receives the reflection light
from the cornea Ec.
[0018] The fundus reflection light photo-receiving op-
tical system includes the beam splitter 10, the objective
lens 9, the beam splitter 8, the hole mirror 7, the relay
lens 11, the mirror 12, the diaphragm 13, the collimator
lens 14, the beam splitter 15, a beam splitter 26, a total
reflection mirror 27, a condenser lens 28, an expander
lens 29, a grating mirror (diffraction grid) 30, a condens-
er lens 31, a cylindrical lens 32, and a one-dimensional
photodetector 33 having sensitivity to the infrared range.
Incidentally, the fundus reflection light photo-receiving
optical system shares the beam splitter 10 to the beam
splitter 15 with the photo-receiving optical system 200.
[0019] As for the reflection light of the light converged
at the fundus Ef by the projection optical system 100, a
part thereof passes through the beam splitter 15, further
passes through the beam splitter 26 arranged on an op-
tical axis L3, is reflected by the mirror 27, and passes
through the condenser lens 28 to once converge. The
fundus reflection light converged by the condenser lens
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28 has its light bundle diameter enlarged by the expand-
er lens 29, and is dispersed into frequency components
by the grating mirror 30, and passes through the con-
denser lens 31 and the cylindrical lens 32 to converge
at a photo-receiving surface of the photodetector 33.
Incidentally, the light bundle diameter after the passage
through the expander lens 29, grid intervals and an an-
gle of incidence for the grating mirror 30, the condenser
lens 28, and the photodetector 33 are optimized in con-
sideration of a measurement region in an optical axis
direction and a resolution of the eye E.
[0020] On the other hand, the corneal reflection light
photo-receiving optical system includes the beam split-
ter 10, the objective lens 9, the beam splitter 8, the mirror
22, the condenser lens 21, the beam splitter 20, a prism
23, total reflection mirrors 24 and 25, the beam splitter
26, the mirror 27, the condenser lens 28, the expander
lens 29, the grating mirror 30, the condenser lens 31,
the cylindrical lens 32, and the photodetector 33. The
prism 23 is movable in the arrow B direction in Fig. 1 by
movement means 54 and is capable of changing length
of an optical path along which the corneal reflection light
passes.
[0021] After the corneal reflection light passes
through the beam splitter 10 and the objective lens 9, a
part thereof is reflected by the beam splitter 8, is reflect-
ed by the mirror 22, passes through the condenser lens
21, and is reflected by the beam splitter 20 to head for
the prism 23. The corneal reflection light reflected by the
prism 23 is reflected by the mirrors 24 and 25 to head
for the beam splitter 26. The corneal reflection light re-
flected by the beam splitter 26 is synthesized with the
fundus reflection light. The corneal reflection light syn-
thesized with the fundus reflection light goes via the mir-
ror 27, the condenser lens 28, and the expander lens
29 as in the case of the fundus reflection light, and is
dispersed into the frequency components by the grating
mirror 30 and passes through the cylindrical lens 32 to
converge at the photodetector 33. In this way, the grat-
ing mirror 30, the condenser lens 31, the cylindrical lens
32, and the photodetector 33 constitute a spectrometer
part. Incidentally, the photo-receiving surface of the pho-
todetector 33 is arranged to have a conjugate positional
relationship with the fundus Ef and the cornea Ec. The
cylindrical lens 32 acts to enlarge the light bundle diam-
eter in a width direction of the photodetector 33 and is
used to have the light photo-received on the photo-re-
ceiving surface regardless of a placement error of the
photodetector 33.

<Target projection optical system and observation
optical system>

[0022] A target projection optical system shown in Fig.
1 includes a light source 34 such as a visible LED which
emits visible light, a target plate 35 on which a prede-
termined target is formed, a relay lens 36, a beam split-
ter 37, an objective lens 38, and the beam splitter 10.

The light emitted from the light source 34 illuminates the
target plate 35 from behind. The light which passed
through the target plate 35 passes through the relay lens
36, the beam splitter 37, the objective lens 38, and is
reflected by the beam splitter 10 to form an image on
the fundus Ef. Incidentally, when the apparatus is
aligned with the eye E to form a predetermined position-
al relationship therebetween, the target plate 35 and the
fundus Ef come to have a conjugate positional relation-
ship. Besides, the light source 34 and the target plate
35 are movable in an optical axis direction (the arrow C
direction in Fig. 1) by movement means 55 to perform
fixation of the eye E and fog the eye E or apply accom-
modative load to the eye E by changing a position of the
target plate 35 at the time of the eye refractive power
measurement.
[0023] In addition, an observation optical system in-
cludes the beam splitter 10, the objective lens 38, the
beam splitter 37, an image forming lens 39, and a two-
dimensional photodetector 40 having sensitivity to the
infrared range. The photodetector 40 is conjugate with
the pupil. A light source 41 such as an infrared LED il-
luminates an anterior segment of the eye E.
[0024] A control part 50 controls to drive the appara-
tus. The control part 50 is connected with the photode-
tector 17, the photodetector 33, the photodetector 40, a
monitor 51, a calculation/processing part 52, the move-
ment means 53 to 55, a storage part 56, and the like.
Each of the movement means 53 to 55 includes a pulse
motor and the like, and a driving amount thereof is de-
tectable. The calculation/processing part 52 is used to
perform calculation for obtaining the ocular information
such as the eye refractive power and the axial length of
the eye E and form a sectional image of the anterior seg-
ment of the eye E based on information obtained by the
photodetectors, the movement means, and the like. Cal-
culated measurement values are stored in the storage
part 56.
[0025] Hereinafter described will be operation of the
apparatus with the configuration as stated above.
[0026] An examiner, while observing the monitor 51
shown in Fig. 2, moves the apparatus in up/down, right/
left and back/forth directions by using unillustrated op-
erating means such as a joystick to align the apparatus
with the eye E so as to form a predetermined positional
relationship therebetween. In this embodiment, a photo-
receiving surface of the photodetector 40 and the pupil
of the eye E are arranged to have a conjugate positional
relationship. The examiner makes the target projected
from the target projection optical system be fixated by
the examinee and obtains the ocular information on the
eye E by using an unillustrated measurement button.
[0027] When the measurement button is pressed, the
control part 50 controls to drive the movement means
55 to move the light source 34 and the target plate 35
in the optical axis direction and bring a state where the
eye E is fogged so as to eliminate its accommodation.
In addition, the control part 50 controls the light source
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1 to emit the light. The light emitted from the light source
1 is split into two directions by the beam splitter 3, and
the respective light pass along the respective optical
paths as mentioned above to converge at the fundus Ef
and the cornea Ec, respectively.
[0028] The reflection light of the light converged at the
fundus Ef is photo-received on the photodetector 17 via
the aforementioned optical path.
[0029] Figs. 3A to 3C are schematic diagrams show-
ing a state where the fundus reflection light is photo-
received on the photodetector 17 via the ring lens 16.
For example, if the eye E is emmetropia, the fundus re-
flection light which passed through the collimator lens
14 becomes parallel light as shown in Fig. 3A to pass
through the ring lens 16. In this case, a ring image R1
photo-received on the photodetector 17 via the ring lens
16 has approximately the same size with the ring part
of the ring lens 16. Further, if the eye E is myopia, the
fundus reflection light which passed through the colli-
mator lens 14 becomes convergent light as shown in
Fig. 3B to pass through the ring lens 16. In this case, a
ring image R2 photo-received on the photodetector 17
via the ring lens 16 has a thicker rim and a smaller di-
ameter than the ring image R1 shown in Fig. 3A. Fur-
thermore, if the eye E is hyperopia, the fundus reflection
light which passed through the collimator lens 14 be-
comes divergent light as shown in Fig. 3C to pass
through the ring lens 16. In this case, a ring image R3
photo-received on the photodetector 17 via the ring lens
16 has a thicker rim and a larger diameter than the ring
image R1 shown in Fig. 3A.
[0030] The calculation/processing part 52 performs
calculation and processing based on an amount of
change from a photo-receiving state in the case of the
emmetropic eye to a photo-receiving state actually de-
tected by the photodetector 17 to obtain eye refractive
power of the eye E. In addition, based on a calculated
value of the eyerefractive power or the photo-receiving
statedetected by the photodetector 17, the calculation/
processing part 52 calculates a position of the stage 18
with which the light projected toward the fundus Ef con-
verges the most (in best focus) at the fundus Ef. The
calculation/processing part 52 transmits information on
the calculated position of the stage 18 where best focus
is attained to the control part 50. The control part 50
drives the movement means 53 to move the stage 18
based on the received positional information and makes
refractive power correction on the eye E. By making the
refractive power correction on the eye E in this way, the
convergence state at the fundus Ef of the light in accord-
ance with the eye refractive power can be corrected, and
an interference signal with a favorable S/N ratio can be
obtained.
[0031] Incidentally, while the eye refractive power of
the eye E is obtained based on the photo-receiving state
of the ring image photo-received on the photodetector
17 in this embodiment, the present invention is not lim-
ited thereto. The eye refractive power of the eye E may

also be obtained in consideration of the position of the
stage 18 with which best focus is attained and the light
converges at the fundus Ef, and the photo-receiving
state of the ring image therewith. In addition, it is also
possible to use the information on the photo-receiving
state of the ring image photo-received on the photode-
tector 17 in calculating the position of the stage 18 for
attaining best focus and obtain the eye refractive power
of the eye E based on a travel amount of the stage 18
from a reference position. The obtained eye refractive
power of the eye E is stored in the storage part 56 and
displayed on the monitor 51.
[0032] Owing to the refractive power correction of the
eye E by the movement of the stage 18, the light can
efficiently converges at the fundus Ef. The fundus re-
flection light converges at the photodetector 33 via the
aforementioned optical path, and the corneal reflection
light converges at the photodetector 33 via the afore-
mentioned optical path. As mentioned above, the syn-
thetic light of the fundus reflection light and the corneal
reflection light is dispersed into the frequency compo-
nents by the grating mirror 30 and passes through the
condenser lens 31 and the cylindrical lens 32 to con-
verge at the photodetector 33. The photodetector 33
photo-receives the reflection light dispersed into the fre-
quency components and outputs interference strength
for each frequency component. The calculation/
processing part 52 monitors the interference strength
obtained from the light photo-received on the photode-
tector 33.
[0033] On the other hand, the control part 50 controls
the movement means 54 to move the prism 23 from a
reference position indicated by solid lines (a position
where the optical path becomes shortest is shown here)
for changing the optical path length of the corneal re-
flection light. Incidentally, the prism 23 is given recipro-
cating motions several times to over ten times a second
during the axial length measurement in this embodi-
ment; however, the present invention is not limited
thereto. The prism 23 may be moved simply in one di-
rection instead of giving reciprocating motions. As this
embodiment employs low coherent light, when the opti-
cal path of the fundus reflection light and that of the cor-
neal reflection light become equal, strength of a signal
of interference light obtained by synthesizing both of the
light becomes maximum. Incidentally, the light photo-re-
ceived on the photodetector 33 includes reflection light
from phase objects such as a posterior surface of the
cornea Ec and anterior/posterior surfaces of a crystal-
line lens in addition to the reflection light from an anterior
surface of the cornea Ec. Accordingly, as the interfer-
ence signal photo-received on the photodetector 33,
these reflection light and the fundus reflection light are
photo-received as a function of frequency.
[0034] The calculation/processing part 52 performs
Fourier transform to analyze a detection signal output-
ted from the photodetector 33 when the strength of the
interference signal becomes maximum. Since the inter-
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ference light includes the reflection light from the re-
spective phase objects of the eye E (e.g., the anterior/
posterior surfaces of the cornea Ec, the anterior/poste-
rior surfaces of the crystalline lens, and the fundus (a
retina)), Fourier transform on the detection signal ena-
bles obtaining depth dimensions of the respective phase
objects such as the cornea Ec and the crystalline lens
of the eye E. The calculation/processing part 52 obtains
the axial length of the eye E from positional information
on the anterior surface of the cornea Ec with reference
to the calculated position of the prism 23 and a travel
amount of the prism 23 (or a driving amount of the move-
ment means 54). In addition, from the obtained depth
dimensions of the respective phase objects, the calcu-
lation/processing part 52 directly obtains other depth di-
mensions (e.g., thickness of the cornea, thickness of the
crystalline lens, and depth of an anterior chamber). In-
formation on the obtained depth dimensions is stored in
the storage part 56 and displayed on the monitor 51.
Incidentally, while an optical path length of the fundus
reflection light and that of the corneal reflection light are
made equal by changing the optical path length of the
corneal reflection light in this embodiment, the present
invention is not limited thereto. The optical path length
of the fundus reflection light may be changed.
[0035] Incidentally, in a case where a more accurate
axial length is to be obtained, an optical member for as-
tigmatic correction constituted of a combination of a plu-
rality of cylindrical lenses may be arranged at a conju-
gate position with the pupil between the collimator lens
14 and the condenser lens 27, or at an approximately
conjugate position with the pupil between the objective
lens 9 and the hole mirror 7. For example, a Stokes'
cross-cylinder constituted of a combination of two cylin-
drical lenses, and the like can be used as the optical
member for astigmatic correction. If the eye E has astig-
matism, the ring image photo-received on the photode-
tector 17 via the ring lens 16 becomes oval, and astig-
matic power and an astigmatic axial angle can be ob-
tained through analysis of the photo-receiving state of
the ring image by the calculation/processing part 42.
Based on the obtained astigmatic power and astigmatic
axial angle of the eye E, the aforementioned optical
member for astigmatic correction is arranged so as to
cancel out an astigmatic component of the eye E. Owing
to such configuration, even if the eye E has the astig-
matic component, the fundus reflection light efficiently
converges at the photodetector 33, whereby measure-
ment accuracy can be enhanced.
[0036] Incidentally, while the light by the projection op-
tical system 300 is converged at the corneal surface in
this embodiment, the present invention is not limited
thereto. It is essential only that the reflection light from
the phase objects of the eye E (the cornea, the crystal-
line lens, and the like) is photo-received on the photo-
detector in a state where the reflection light is dispersed
into the frequency components, for example, a converg-
ing point of the light can be the pupil of the eye E.

[0037] Additionally, while the grating mirror (diffrac-
tion grid) is employed as dispersing means for dispers-
ing the synthetic light of the fundus reflection light and
the corneal reflection light into the respective frequency
components, the present invention is not limited thereto.
Some other dispersing means such as a prism and an
acoustic optical element can be employed.
[0038] Further, while the ring image is formed on the
photodetector in order to obtain the eye refractive power
in this embodiment, the present invention is not limited
thereto. It is essential only that the eye refractive power
is obtained by detecting a state of change including po-
sitional change and shape change in the photo-received
image formed on the photo-receiving surface without
using interference. For example, the fundus reflection
light may be divided into several dots via an optical
member to converge at the photodetector, and the eye
refractive power is obtained based on a photo-receiving
state of a photo-received image thereof.
[0039] As mentioned above, the ophthalmic appara-
tus consistent with this embodiment is capable of ob-
taining the eye refractive power and the ocular depth
dimensions such as the axial length at a time, and by
further providing scanning means for scanning the light
projected onto the eye E and by analyzing the output
signal from the photodetector 33 according to the prin-
ciple of spectral interference, a sectional image of the
anterior segment of the eye E can be obtained.
[0040] Fig. 4 is a view showing a schematic configu-
ration of an optical system of an ophthalmic apparatus
consistent with the second preferred embodiment of the
present invention, in which the scanning means for
scanning the light projected onto the eye E is provided
to the optical system in Fig. 1. Incidentally, the consti-
tuting members of the same function as in Fig. 1 are
assigned the same reference numerals, and description
thereof is omitted.
[0041] A galvano mirror 60 is provided as the scan-
ning means and can rotate (swing) in a predetermined
direction (in this embodiment, a direction by which the
light is scanned in the up/down directions with respect
to the eye E). In addition, a reflection plane of the gal-
vano mirror 60 is arranged at a focal point of the objec-
tive lens 9, and it is arranged such that a rotational angle
of the galvano mirror 60 is proportional to a height of
incidence of the light to the anterior segment of the eye
E and the optical path length does not change. Since
the control system of the present apparatus is the same
as the control system shown in Fig. 2 except for driving
and controlling of the galvano mirror 60, description
thereof is omitted.
[0042] The light by the projection optical system 300
is scanned by the galvano mirror 60 in a predetermined
direction with respect to the eye E. Accordingly, the out-
put signal from the photodetector 33 includes informa-
tion on the respective reflection light from the phase ob-
jects of the eye E obtained by scanning the light. By ac-
cumulating and adding the depth dimensions of the
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phase objects of the eye E which is obtained by means
of Fourier transform on the output signal, the calculation/
processing part 52 can obtain a sectional image of the
anterior segment of the eye E which is optically sec-
tioned by scanning. The obtained sectional image is dis-
played on the monitor 51 as shown in Fig. 5.
[0043] By using the reference light and the object light
for interference and analyzing them according to the
principle of spectral interference as mentioned above,
both the reference light and object light change to the
same degree even if the position of the eye E is some-
what deviated with respect to the apparatus. Therefore,
the apparatus can obtain the depth dimensions and the
sectional image of the eye E while withstanding align-
ment deviation and focus deviation.
[0044] The foregoing description of the preferred em-
bodiments of the invention has been presented for pur-
poses of illustration and description. It is not intended to
be exhaustive or to limit the invention to the precise form
disclosed, and modifications and variations are poss
ible in the light of the above teachings or may be ac-
quired from practice of the invention. The embodiments
chosen and described in order to explain the principles
of the invention and its practical application to enable
one skilled in the art to utilize the invention in various
embodiments and with various modifications as are suit-
ed to the particular use contemplated. It is intended that
the scope of the invention be defined by the claims ap-
pended hereto.

Claims

1. An ophthalmic apparatus for obtaining ocular infor-
mation on an examinee's eye (E), the apparatus
comprising:

a first projection optical system (100) which
projects first light with short coherence length
onto a fundus (Ef) of the examinee's eye;
a second projection optical system (300) which
projects second light with short coherence
length onto an anterior segment of the exami-
nee's eye;
an interference/photo-receiving optical system
(400) which synthesizes the first light reflected
from the fundus and the second light reflected
from the anterior segment into interference
light, disperses the interference light into fre-
quency components, and photo-receives the
dispersed interference light with a first photo-
detector (33); and
calculation means (52) for obtaining depth di-
mensions of the examinee's eye as the ocular
information based on an output signal from the
first photodetector.

2. The ophthalmic apparatus according to claim 1,

wherein
the interference/photo-receiving optical sys-

tem includes optical path length changing means
(23, 54) for changing an optical path length of the
first light or the second light, and

the calculation means obtains an axial length
of the examinee's eye based on a result of analyzing
the output signal from the first photodetector by
means of Fourier transform and an amount of
change of the optical path length, and obtains depth
dimensions of the anterior segment based on the
analytical result.

3. The ophthalmic apparatus according to claim 1,
wherein the first projection optical system and the
second projection optical system share at least a
light source (1).

4. The ophthalmic apparatus according to claim 1, fur-
ther comprising a measurement optical system
(100, 200) which projects measurement light onto
the fundus and photo-receives the measurement
light reflected from the fundus with a second photo-
detector (17),

wherein the calculation means obtains eye re-
fractive power of the examinee's eye as the ocular
information based on an output signal from the sec-
ond photodetector.

5. The ophthalmic apparatus according to claim 4,
wherein the first projection optical system is shared
as a part of the measurement optical system.

6. The ophthalmic apparatus according to claim 4, fur-
ther comprising correction means (18, 53) for cor-
recting a position of a part of the measurement op-
tical system so as to adjust a convergence state of
the measurement light at the fundus based on the
obtained eye refractive power.

7. The ophthalmic apparatus according to claim 1,
wherein

the second projecting optical system includes
scanning means (60) for scanning the second light,
and

the calculation means obtains a sectional im-
age of the anterior segment as the ocular informa-
tion based on a result of analyzing the output signal
from the first photodetector by means of Fourier
transform.
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